4.2 Investigating the Speed of Sound 			Name: ___________________________________

Purpose:	Measure the speed of sound 							Score: _______ / 25
		

Materials: Plastic tube, 1000 mL graduated cylinder, water, tone generator app on a phone, meter stick. (Go to google play on your phone and download the free app “Frequency Sound Generator” or an equivalent free app that is capable of producing two tones with a known frequencies that you can control.)

When tone generator is located near the open end of a cylinder, sound waves are sent into the column of air inside the cylinder. The waves reflect off the closed end of the cylinder and travel back to the opening. The reflected waves will combine with new waves coming from the sound generator. Resonance occurs if the reflected waves and the new waves are in step with each other (constructive interference) to create a standing wave. The amplitudes of the reflected and new waves combine and a louder sound with a definite frequency is heard. The column of air vibrates at its natural or resonant frequency to produce the sound.

[bookmark: _GoBack]The simplest part of a wave possible that is open (antinode that is free to move) at one end, and closed (node that is fixed) at the other end represents a quarter of a complete wave, which means that the column of air is resonating a sound whose wavelength is approximately 4 times the length of the column. However, the air also vibrates back and forth across the tube opening as well. To adjust for this, the effective length of the column of air that is vibrating is the length plus .4 times the diameter.

[image: ]Procedure:
1) Use a 1000 ml graduated cylinder filled nearly full with water. (It may be convenient to place the graduated cylinder on the floor.) 
2) Place a plastic tube in the water. Move it down as far as possible while still holding on to it. 
3) Start a tone sounding on your Frequency Sound Generator app. Record the frequency you use in the data table.
4) Place your phone’s speaker next to the top of the tube and move the tube up until you hear a clear increase in volume followed by a decrease when you continue to move the tube.
5) Move the tube up and down until you locate the position with the maximum resonance volume. Hold the tube steady at this height. 
6) Using a meter stick, have your partner measure the distance from the top of the water to the dry end of the tube. Record this length in the data table. 
7) Make at least 3 trials and for 5 different frequencies between 300 Hz and 900 Hz switching roles (moving tube vs measuring) for each trial. (Note: Not all frequencies will be able to resonante with all tubes. Try a different tube smaller or larger as you think you need. For high frequencies, be sure to start with a tube that is less than 5 cm in length above the water level otherwise you may find the n=3 mode instead of the fundamental. For low frequencies be sure to have a pipe that can reach 50 cm above the water level. Otherwise you may not be able to find the fundamental.) 
8) Record the room temperature.
9) Record the diameter of the pipe.

Calculations:
1) Find the average pipe length for resonance at each of your frequencies. Convert cm to m.
2) Add 0.4 times the diameter of the pipe (in meters) to your average pipe length for each of your frequencies to determine the effective length of pipe. 
3) Determine the wavelength for the fundamental of a half-open pipe with the effective pipe length you determined in #2 for each of your frequencies.
4) Determine the speed of sound in the pipe for each of your frequencies.
5) Find the average speed of sound.
Data and Calculations Table       Room temperature: __________  Diameter of pipe, d (m): ____________

	Frequency  (Hz)
	Trial 1
Length
(cm)
	Trial 2
Length
(cm)
	Trial 3
Length
(cm)
	Average Length (m)
	Effective Length (m)
Lave + 0.4d
	Wavelength
4Leff (m)
	Speed of sound v=f
(m/s)
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Questions:
1. Do higher frequencies need shorter or longer tubes to resonate?



2. If two different frequencies vibrate near the opening of a resonance tube, is it possible get both
frequencies to resonate at once? Why or why not?



3. Why does the sound appear louder when the column of air is a certain length, but has the same pitch?



4. The accepted speed of sound at atmospheric pressure and 0°C is 331.5 m/s. The speed of sound increases 0.607 m/s for every Celsius degree. Calculate the speed of sound at the temperature of your room and compare your measured value to the accepted value using a percent error.



5. What are two possible sources of error to explain this percent error?



6. Sketch the first three possible harmonics for a half-open pipe. 




7. Predict the length of tube that would be needed to resonate with the 3rd and 5th harmonics if the frequency used is set to 400. Hz.
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resonant frequency to produce the sound.

Q5

->**DO!!: In the example above draw the simplest part of a wave possible that is
‘open (antinode that is free to move) at ane end, and closed (node that s fixed) at the other
end

Notice that you have drawn a quarter of a complete wave, which means that the column of
air s resonating a sound whose Wavelength is approximately 4 times the length of the

column. However, the air also vibrates back and forth across the tube opening as well, o to
adjust for this, the effective length of the column of air that is vibrating is the length plus 4

times the diameter. g

Set up the apparatus <=

Use an 1000 mi cylinder illed about % with water. "=

Hold the resonant glass tube i the water. Move it down

as far as possible. Gently strike the funing fork and move the tube Lend

up uatil you hear a clear loud definite frequency.
Make at least 4 trials and for 5 different funing forks.
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